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CHAPTER 3  
 
 
METHODOLOGY 
 
 
3.1 INTRODUCTION 
 
In this chapter, the study is divided into two sections of the Solar Charge 
Controller. The first section is concentrating on the controller part while the second 
section is focused on the power circuit. In the first section, it begins with the data 
collection for solar irradiation in Pekan, Pahang. Then, a modeling of a PV cell using an 
equivalent electrical circuit followed by testing P&O algorithm is realized in MATLAB. 
In the second section, a SEPIC circuit is designed and simulates using PSIM and finish 
with the experiment that will focus on the circuit efficiency and loss analysis. 
 
The experiment is conducted without having any continuity with the simulation 
that previously done. The circuit used the same parameters in the simulation, but with 
different input and testing parameters. On the other hand, the experiment is running 
only in the open loop circuit compared to the simulation which is tested in close loop 
circuit.  The sampling frequency selection is determined only to suit the charge 
controller performance under rapid changing solar irradiation. During hardware 
experiment, the PWM signal is delivered by the Arduino UNO board at two frequencies 
tested; 7.8 kHz and 62.3 kHz. The methodology block diagram is as shown in Figure 
3.1. The block diagram illustrates the three methods use in this research in accordance 
with the research objective. The first block labelled by MATLAB correspond to the first 
objective. The second block that labelled by PSIM correspond to the second objective 
while the third objective represent by the red rectangle on the far right corner of the 
diagram. 
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Figure 3.1: Methodology block diagram 
 
3.2 MODELING THE PV MODULE IN MATLAB 
 
First of all, solar irradiation data are collected from the UMP weather station for 
simulation purpose. Two criteria of data are collected, which consists of the sunniest 
and the cloudiest day in the UMP for the period from January 2011 to March 2012. The 
cloudiest day along that period was on 28 December 2011 and the sunniest day is on 19 
March 2012. From 24-hours solar irradiation data, only 12-hours data picked from 0700 
hours to 1900 hours. This is to neglected all zero irradiation data that occur nearly from 
1900 hours until 0700 hours. All the data are logged using WeatherLink which is a 
comprehensive software to store, display and analyze all accumulated weather data and, 
if required, to run a live weather reporting website as in Figure 3.2. The collected data 
will be compiled and plotted in the MATLAB editor shown in APPENDIX A. This data 
will then used to evaluate the P&O algorithm later.  
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Figure 3.2: WeatherLink software interface 
 
As for modeling purpose, The PV module, Mitsubishi PV-TE125MF5N is 36 
polycrystalline silicon solar cells in series which able to provide 125 W of maximum 
power (MITSUBISHI, 2007) is selected. The specifications of the module are shown in 
Table 3.1. The model was evaluated using MATLAB using the equations shown in this 
section. The current, I, is then evaluated using three variable parameters, voltage, 
irradiation, and temperature. If one of the input variables is a vector, the output variable 
(current) is also a vector.  
 
Table 3.1:Electrical specification of PV_125MF5N module 
 
 
Parameter 
PV-TE125MF5N 
Variable Value 
Maximum Power Pm 125 W 
Maximum Power Voltage  Vmp 21.8 V 
Maximum Power Current  Imp 7.9 A 
Open-circuit Voltage  Voc 17.3 V 
Short-circuit Current Isc 7.23 A 
 
The simplest equivalent circuit of a solar cell is a current source in parallel with 
a diode as previously studied by (Chapin, Fuller et al., 1954). It consists of a current 
source (Isc), a diode (D), and a series resistance (Rs). As the effect of shunt resistance 
